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(54) Integrated solid state light emitting and detecting array and apparatus employing said array 



(57) There is provided an integrated semiconductor 
source-detector matrix (10) in which solid state photonic 
diodes (I2a-12i) are configured as LEDs, disposed on a 
substrate and coupled to electronic circuits so that the 
diodes can be individually driven to emit light to detect 
light as may be desired. Providing an integrated matrix 
(10) of light source and light sensor units disposed in 
close proximity results in each unit having nearly coex- 
tensive fields of view and illumination (157). Apparatus, 
such as bar code and optical readers utilizing such a 
matrix are shown, and are insensitive to the diffusion 
and laminate effects. In alternate embodiments the 
matrix (10) is coupled to remote sensors (94) or another 
similar matrix to provide optical communication and 
inter-change devices having high bandwidth. 
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Description 

This invention relates to a matrix of integrated sem- 
iconductor elements that are operable in either a pho- 
toresponsive or photoemissive mode. The present 
invention is particularly adapted to improving the per- 
formance of optical interfaces, optical transmitters, and 
image detecting apparatus such as bar code scanners 
or readers, optical heads, and other optical scanners 
that can be portable and are required to operate with 
low power consumption. 

In conventional mark-sense and imaging appara- 
tus, the light source>>and light sensor are discrete and 
have optical paths which generally are not congruent in 
space. Such an arrangement provides a field of illumi- 
nation that includes optical patterns of interest, the indi- 
cia, but which in general is larger than the light 
detector's field of view (termed herein the detector's 
region of sensitivity). The light sensor generates a sig- 
nal that is specifically responsive to light from the region 
of sensitivity that is incident on the light sensor. 

When the field of illumination is larger than the 
region of sensitivity, flood illumination is said to be 
present. In this circumstance the process of accurately 
interpreting the information content of the indicia being 
scanned is interfered with, as will now be explained. 

In FIG. 11 there is illustrated a typical prior art 
device wherein LEDs 121, 121 illuminate a field of illu- 
mination 124 on target 123. A region of sensitivity 122, 
being smaller than field of illumination 124, is entirely 
included within field of illumination 124. The region of 
sensitivity 122 is viewed by light sensor 127 through 
optics 125, with field stop aperture 143 and presents a 
signal to amplifier 129 in response to detected light. 

Mark-sense detectors are typically employed in 
optical scanning devices, such as bar code scanners or 
readers, in which the output of the detector may be cou- 
pled to decoding circuitry. There are a number of known 
optical effects that can produce errors in the determina- 
tion of transitions between bars and spaces in a bar 
code symbol that is situated on a substrate, including 
the diffusion and laminate effects. 

The diffusion effect can be understood with refer- 
ence to FIGS. 12a and 12b. It results from light, shown 
representatively as beams 126, that is incident outside 
the region of sensitivity 122 of a light sensor. Beams 
126 enter the substrate 138 on which a pattern is 
located, and are then scattered internally within the sub- 
strate into the region of sensitivity. A fraction of the scat- 
tered light is thus ultimately returned to the light sensor 
via region of sensitivity 122 where it contributes to the 
received signal level. In scanning applications such as 
bar code scanning there is another consequence of the 
diffusion effect. In this application the region of sensitiv- 
ity travels across dark bars that are separated by fields 
of light spaces. These spaces are referred to herein as 
white spaces; however those skilled in the art will under- 
stand that areas of high reflectivity are denoted. As the 
region of sensitivity 122 approaches a dark bar 139, as 



shown in FIG. 12b, the bar 139 will absorb more light 
than does a white space of similar dimension. Since 
some light 128 is absorbed, less is available to scatter 
into the approaching region of sensitivity. Thus the diffu- 

5 sion effect differs quantitatively when a bar is near the 
region of sensitivity than when it is not. This can be 
appreciated with reference to FIG. 13 which shows an 
analog waveform 130 generated by a bar code scanner 
utilizing flood illumination which has scanned bar code 

7o symbol 132. It will be apparent that the signal minima 
137 corresponding to the wide dark bars are quite 
sharp, while the maxima 135 corresponding to the inter- 
vening white spaces are rounded. Furthermore the 
peaks 136 corresponding to the narrow white spaces 

T5 between the narrow dark bars 1 34 are reduced in ampli- 
tude relative to maxima 135 corresponding to wide 
white spaces between the wide dark bars 137. This 
appearance is predicted by the above discussion of the 
diffusion effect. If the narrow dark bars could not be 

20 resolved due to the modulation transfer function of the 
reader optical system, the patterns would have been 
symmetrical about the maxima and minima. While the 
diffusion effect has been explained in connection with a 
bar code scanner, it also influences other non-scanning 

25 readers of optical patterns as well. In summary, the dif- 
fusion effect tends to reduce the apparent white level in 
the vicinity of dark bars while not affecting the black 
level. 

Another undesired effect of flood illumination in cer- 

30 tain imaging applications, such as bar code scanning, is 
the laminate effect, also known as the overlay effect. 
Practical bar code symbols often possess protective 
overlaminates. The laminate effect is caused by the light 
that is scattered from outside the region of sensitivity 

35 being totally internally reflected at the overlaminate-to- 
air interface onto the region of sensitivity. Reference 
may be made to FIG. 14 where the laminate effect is 
depicted diagrammatically. During the lamination proc- 
ess an adhesive flows over the bar code symbol sub- 

40 strate 142, expelling the air between laminate 141 and 
bar code symbol substrate 142. As a result, the lami- 
nate 141 and bar code symbol substrate 142 are in inti- 
mate contact and are essentially index matched. When 
the laminated bar code substrate is illuminated, as with 

45 the diffusion effect, some of the incident light rays, such 
as rays 226a, 226b falling outside the region of sensitiv- 
ity 122 are scattered from the top surface of layer 142 
into overlaminate 1 41 and are incident on surface 227 at 
an angle 144 that can exceed the critical angle for total 

so internal reflection. Such light rays 226a, 226b are totally 
internally reflected into the region of sensitivity 122. A 
portion of this light is then scattered back toward the 
overlaminate 141, penetrates it, and finally arrives at the 
light sensor, where it contributes to the received signal 

55 level. As in the case of the diffusion effect, as the region 
of sensitivity passes over the bar code symbol, some of 
the incident light will be absorbed by dark bars adjacent 
to the region of sensitivity, thereby reducing the white 
space signal level. The magnitude of the laminate effect 
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is a function of laminate thickness, the dimensions of 
the bar code symbol, reflectance of the bars and 
spaces, nominal diffusion length in the substrate, and 
refractive index. While laminate effects are sometimes 
difficult to quantify, the range of this effect can be quite 5 
large. The laminate and diffusion effects are known to 
degrade the performance of bar code scanners, other 
types of mark-sense detectors, and image detecting 
apparatus generally. A laminated bar code symbol typi- 
cally exhibits both the diffusion and the laminate effects, w 

It will be recognized that an analogous argument 
can be made for the case where a small source of illu- 
mination is used in conjunction with a large region of 
sensitivity, so called flood sensitivity. A number of meth- 
ods have been employed in the prior art that tend to is 
bring the beams of light from the light source and those 
directed to the light sensor from the target into align- 
ment, establishing a common operational region. The 
images of the light source and the defined region of sen- 
sitivity are generally not congruent throughout a rela- 20 
tively large depth of field. For this reason, all these 
systems are sensitive to the degrading effects of the dif- 
fusion and laminate effects over all or most of their oper- 
ational depth of field. 

Another problem known to the art concerns the 25 
operation of imaging devices when there is ambient 
light that enters the light sensor and creates additional 
noise background. This problem has been mitigated by 
the adoption of lasers and LEDs as light sources or light 
emitters that cooperate with light sensors tailored to 30 
respond selectively to wavelengths emitted by the 
lasers or LEDs in conjunction with appropriate band- 
pass filters. Representative of this approach is the dis- 
closure of US. Pat. No. 4,866,258 to Ueda et al wherein 
an optical pattern detector employs a photodiode dis- 35 
posed side-by-side with an LED. 

Still another problem in the art which can be 
attacked by optoelectronic source-detector integration 
is the well-known problem of microphonic excitation that 
can cause spurious output of the light sensor. The 40 
severity of this problem is lessened when the photode- 
tection system has an inherently high signal-to-noise 
ratio as does an integrated source-detector. 

There has been recent interest in developing image 
detection and scanning devices having light sources 45 
integrated with light sensors such as photodiodes. Man- 
ufacture of large area integrated semiconductor arrays 
is now relatively economical. 
Techniques of fabricating small light sensing elements 
and light emitting elements on large area substrates are so 
known. The integration of densely packed minute sur- 
face emitting lasers on a substrate using lithographic 
techniques was reported in by D. Maliniak, Electronic 
Design". Aug 24, 1989, page 19. Such lasers are not 
only physically small, but also operate with low power 55 
dissipation. 

In U.S. Pat. No. 4,695.859 to Guha et al there is dis- 
closed a large scale integrated solid state structure that 
includes light emitting and light sensing p-i-n diodes, 



used in document scanning applications. In this disclo- 
sure the construction of the light sources and light sen- 
sors are similar, but the details are optimized for their 
respective functions. 

The use of integrated optoelectronic source-detec- 
tor technology in imaging applications has thus far been 
limited. Successful implementation of such components 
into scanning and imaging devices would advance the 
optical reading art, as a result of enhanced resolution, 
increased reading speed, increased accuracy and 
reduced power consumption. Such devices have 
broader application to optical information transmission 
in that they can be incorporated in optical tracking appli- 
cations as well as optical interfaces of all types, and 
could be used in optical computers. 

It is therefore a primary object of the present inven- 
tion to provide an improved optoelectronic integrated 
source-detector matrix that can be economically fabri- 
cated on a large area substrate from semiconductor 
alloy materials. 

It is another object of the present invention to 
improve the performance of optical detectors and scan- 
ning devices by incorporating therein an improved inte- 
grated source-detector matrix. 

It is yet another object of the present invention to 
perform improved optical image detection in a large 
working depth of field without flood illuminating the sub- 
ject image. 

It is still another object of the present invention to 
provide optical detectors utilizing therein an improved 
integrated source-detector matrix that operates accu- 
rately with a low level of illumination current. 

These and other objects of the present invention 
are attained in a preferred embodiment by a plurality of 
identically fabricated solid state photonic diodes that are 
configured as LEDs, disposed on a substrate and cou- 
pled to electronic circuits so that the diodes can be indi- 
vidually driven to emit light or to detect light as may be 
desired, thereby creating an integrated source-detector 
matrix. The term "photonic" is used generically herein to 
include both light emission and light detection functions 
of which such LEDs are capable. In some cases, light 
emitting diodes can be used to detect their own wave- 
lengths of light. The LEDs are electrically and optically 
isolated. Several manufacturers have LED die fabrica- 
tion processes which could be used to fabricate such 
devices. For example, the process used by Siemens 
Components, Inc. to fabricate the die for the "RB-42B, 
MASK-DIFFUSED GaAsP LED", or by Stanley Electric 
Co.. Ltd. to fabricate their "ESBR 3402" LEDs, as well 
as many others. 

Providing a matrix of light source (emitter) and light 
sensor units disposed in close proximity results in each 
unit having nearly coextensive f ields of view and illumi- 
nation. Because the light source and light sensor are so 
closely associated, and can be realized as intermingled 
elements, it is possible to establish a small, precisely 
aligned field of view and illumination on a target. An 
image being so viewed is not flood illuminated. Thus a 
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device incorporating an integrated source-detector is 
relatively insensitive to the above noted diffusion and 
laminate effects, and its ability to detect boundaries of 
indicia is consequently enhanced. By overlapping the 
fields of view in neighboring units within the array or 
matrix, it is possible to spatially smooth or effectively 
defocus a detected image, as may be desirable in cer- 
tain imaging applications. The advantages of dealing 
with a smoothed or slightly defocused image are further 
explained in US. Pat. No. 4,591,706 to Sims. 

The use of semiconductor devices assures rela- 
tively low power consumption. As aforementioned, 
when semiconductive materials are employed in the 
construction of source-detector arrays it is possible to 
design the elements to emit only desired wavelengths of 
light, and to selectively respond to the emitted wave- 
lengths. This light filtering effect can be exploited to 
achieve even greater noise rejection so that the instru- 
ment can operate successfully under high ambient light 
conditions. As a consequence of greater signal-to-noise 
ratio and improved edge detection capability, the device 
can consequently operate at a more rapid scanning 
rate. 

In one embodiment an economic advantage is real- 
ized by constructing the emitting and detecting diodes 
identically as LEDs. Such LEDs are sufficiently pho- 
toemissive and photosensitive to function in optical 
imaging and transmission applications. 

Suitable optics can associate the output of an indi- 
vidual emitter with the field of view of a given detecting 
element. By configuring the electronic circuitry, groups 
of diodes can be functionally grouped as desired, so 
that they function in subunits within the integrated 
source-detector matrix. For example, as shown in the 
embodiment of FIG. 7, emitters and detectors can be 
associated in one-to-one relationship in checker-board 
fashion, an arrangement that would result in the realiza- 
tion of a large number of optical communication chan- 
nels on such an integrated source-detector matrix. 
There are many other geometric grouping possibilities 
that are not limited to one-to-one associations between 
light sources (emitters) and sensors (detectors). By 
incorporating suitable electronic circuitry into the struc- 
ture, it is possible to configure and optimize an inte- 
grated source-detector matrix for a given optical 
application, and even to dynamically vary the configura- 
tion as required. Parameters such as sensitivity, noise, 
cross-communication due to optical coupling and/or 
reflections, error detection and correction govern the 
grouping and ratios of emitters and detectors in optical 
imaging applications such as bar code scanning. 

In another embodiment of the invention the inte- 
grated source-detector matrix can be incorporated into 
a instrument such as a bar code scanner, where it func- 
tions as both the light source and the light sensor. By 
incorporating suitable optics, such as lenses or optical 
fibers into the scanner, a subuntt of one or more light 
sources can be caused to illuminate a small field on a 
surface that contains indicia, and the light sensors can 



be configured so that their region of sensitivity corre- 
sponds or is placed in close proximity to the field of illu- 
mination. As long as the matrix dimensions on the 
object plane are comparable or less than the diffusion 

5 lengths in the indicia substrate the diffusion and lami- 
nate effects discussed above can be largely eliminated. 
Furthermore, by fabricating the semiconductors so that 
their emission and absorption spectra are appropriately 
tailored to the application, unwanted ambient light can 

10 be effectively filtered so that the instrument operates 
with a improved signal-to-noise ratio. The regions of 
sensitivity of adjacent subunits may overlap if desired, 
so that a slightly defocused image can be detected by 
the instrument. 

15 In a variant of the scanning embodiment discussed 
above, concentric zones of the integrated source-detec- 
tor matrix are selectively enabled and disabled. This 
causes the scanning aperture of the instrument to vary, 
so that the instrument can be optimized to read indicia 

20 using various effective spot sizes. 

In still another embodiment, two or more matrices 
are optically coupled, so that optical information can be 
transmitted therebetween, and repeated with a high 
band-width and low error rate. 

25 In a still further embodiment, the photonic elements 
are coupled to fiber optic waveguides, and light can be 
communicated to and from remote optoelectronic 
devices or sensors. In this embodiment, shown at FIG. 
8, an integrated matrix according to the invention is 

30 placed in a machine to be monitored, such as an air- 
craft, and is coupled to remote sensors that produce 
optical signals in response to stress, temperature, vibra- 
tion, and other factors that influence the operation and 
integrity of the aircraft. By suitably enabling the emitting 

35 elements in the integrated source-detector matrix, sig- 
nals affecting the operation of the sensors may be trans- 
mitted to the sensors, and information can be received 
by the integrated source-detector matrix in the form of 
light. The matrix itself may be integrated in a suitable 

40 computer that monitors the condition of the aircraft. 
Data received by the matrix may be accessed by the 
computer by simply addressing the appropriate phot- 
onic elements. 

The integrated source-detector matrix can be 

45 advantageously combined with optics such that the 
amplitude of the optical signal received by the light sen- 
sors is a function of the displacement between the inte- 
grated source-detector and the target from which light is 
reflected. The integrated source-detector matrix can 

so thus be incorporated in tracking devices such as an 
optical head, such as a CD head. Elements or subunits 
within the matrix can closely focus on a small target to 
be tracked, or upon adjacent targets, so that not only 
can the displacement of the head from the target be rap- 

55 idly adjusted, but information contained in the target can 
be multiply read by subunits in the matrix. 

for a better understanding of these and other 
objects of the present invention, reference is made to 
the detailed description of the invention which is to be 
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read in conjunction with the following drawings, 
wherein: 

FIG. 1 is a partially schematic top plan view of an 
integrated source-detector matrix of photonic ele- 
ments in accordance with the present invention; 
FIG. 1a is a partially schematic view of an inte- 
grated source-detector matrix of photonic elements 
in accordance with an alternate embodiment of the 
invention; 

FIG. 2 is a cross sectional side view illustrating a 
multilayered structure of a photonic element 
employable in an array in accordance with the 
invention; 

FIG. 3 is a cross sectional side view of two photonic 
elements operatively disposed in a coplanar 
arrangement on a common substrate; 
FIG. 4 is an electronic schematic that is helpful in 
understanding the present invention; 
FIGS. 5 - 7 are partially schematic top plan views of 
an integrated source-detector matrix of photonic 
elements in alternate embodiments of the inven- 
tion; 

FIG. 8 is a diagrammatic view of an aircraft that 
incorporates an integrated source-detector matrix 
in accordance with the invention; 
FIG. 9 is a schematic view of an integrated source- 
detector matrix in accordance with the invention 
that is incorporated in an optical indicia reader; 
FIG. 10 is a schematic plan view of an integrated 
source-detector matrix in accordance with the 
invention that is helpful in understanding its opera- 
tion in the apparatus depicted in FIG. 9; 
FIG. 1 1 is a schematic view of an optical reader in 
accordance with the prior art; 
FIGs. 12 - 14 are diagrams that are useful in under- 
standing the advantages of the-present invention; 
FIG. 15 is a schematic view of an integrated 
source-detector matrix in accordance with the 
invention that is incorporated in an optical head; 
and 

FIG. 16 is a schematic view of an integrated 
source-detector matrix in accordance with the 
invention that is incorporated in an optical interface. 

Turning now to the drawings, and in particular to 
FIG. 1 , there is shown a preferred embodiment compris- 
ing an array or matrix of photonic elements, designated 
generally by reference numeral 10. FIG. 1 is merely 
exemplary of a large area matrix, and that an array of 
dimensions m x n, where m and n are positive integers, 
may be used without departing from the spirit of the 
invention. Neither the array nor the elements thereof are 
necessarily constrained to a rectilinear configuration. 

Array 1 0 comprises a plurality of photonic elements 
1 2a - 1 2i operatively disposed in a two-dimensional, m x 
n matrix form. Each photonic element 12a - 12i has 
associated therewith a discrete isolation device 14a - 
14i which interconnects that element 12 to a bus of 



address lines 18 connecting each element to one or 
more data lines 19, 20. These buses or lines are formed 
of an electrically conductive material such as a metal or 
a thin film conductive oxide. The interconnection func- 

5 tions can be implemented in various forms depending 
upon the specific system functions desired. In a pre- 
ferred embodiment, the isolation devices 14a - 14i are 
omitted and alternate photonic elements are connected 
directly to the data lines 19 and 20. In this fashion phot- 

w onic elements 12a, 12c, 12e, 12g, 12i are connected to 
data line 19 and photonic elements 12b, 12d, 12f, 12h 
are connected to data line 20. In this manner large num- 
bers of elements can be controlled in a matrix without 
the need for addressing logic. 

is Each of the photonic elements 1 2a - 1 2i is prefera- 
bly an LED, as indicated generally by reference numeral 
12 in FIG. 2. LED 12 has a well known multilayered 
structure, and rests on substrate 28. Such an LED can 
be driven to emit light in response to an electrical signal, 

20 and can also produce a detectable electrical signal in 
response to the absorption of illumination, thus func- 
tioning as a photodetector. In the preferred embodi- 
ments the diodes 12a - 12i are disposed on the same 
side of substrate 28 so that they are substantially copla- 

25 nar. Thus the diodes are collocated in a small region, as 
can be further appreciated with reference to FIG. 3, 
wherein two neighboring diodes 12, 12 are disposed 
close together on substrate 28. This arrangement is 
advantageous in that with appropriate optics, as might 

30 be achieved when the image is out of focus, the field of 
view of a diode 12 that is configured as a light sensor 
can readily be caused to be substantially coextensive 
with the field of illumination of a neighboring diode 12 
that is configured as a light source. Also if the dimen- 

35 sions of the individual elements as imaged on the indi- 
cia substrate are smaller than the substrate diffusion 
length, typically 0.05 mm. or less, then the system will 
respond as if the two fields of view are substantially 
coextensive. It will be evident that flood illumination and 

40 the detrimental optical effects resulting therefrom that 
were discussed above can be avoided. 

"me isolation devices 14a - 14i associated with 
each of the photonic elements 12a - 12i, respectively, 
are utilized to restrict the flow of electrical current 

45 through the photosensitive array 10 to only predeter- 
mined paths so as to facilitate the discrete addressing of 
each particular photosensitive element 12. The isolation 
devices 14a - 14i may comprise a current control 
device, such as a transistor, a threshold switch, an FET, 

so relay, or the like. 

In certain applications it may be desired to integrate 
ancillary electronic circuitry 13, such as switches, ampli- 
fiers, and the like onto substrate 28. Such circuits may 
be coupled to the address fines in accordance with the 

55 requirements of the application. The details of fabrica- 
tion of integrated solid state circuits and m x n arrays of 
both one and two dimensions are well known and need 
not be further described herein. 

It will also be appreciated by those skilled in the art 
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that an optical isolating opaque material may be opera- 
tively disposed between the photonic diodes 12a - 1 2i .to 
optically isolate the diodes from one another and sub- 
stantially reduce optical cross-talk. In FIG. 3 opaque 
material 33 separates two diodes 12, 12. 

As previously mentioned, the invention is preferably 
practiced with a plurality of identically fabricated LEDs 
that can be tailored to generate charge when absorbing 
light radiation, and to emit light when an electrical 
potential is placed across the layers of semiconductor 
alloy material so as to forward bias the diode. 

Each of the diodes is coupled to conventional elec- 
tronic circuitry whereby it can be driven as a light source 
or can be incorporated in a photodetection circuit 
whereby an electrical signal is generated in response to 
light that is detected by the diode. Referring now to FIG. 
4, there is shown a photonic element 36 that is switcha- 
ble by the action of switch 34 between a light source cir- 
cuit 30 and a light sensor circuit 40. When switch 34 is 
not engaged, then LED 36 is disabled entirely. Switch 
34 can be a mechanical or electronic switch, operable at 
a required speed, such as a transistor, relay, diode, and 
the like. Switch 34 may be integrated with array 10 on 
substrate 28 and incorporated in ancillary electronics 13 
if desired, or it may be extrinsic to array 10. Also in some 
applications it may not be required at all, as the photonic 
elements may be permanently connected as sources or 
detectors. 

Turning now to FIG. 5, there is illustrated a first 
alternate embodiment' of the invention, wherein an 
exemplary 3x3 integrated array comprises photodi- 
odes 62a - 62 e that are configured as light sensors, and 
the light emitting elements are microlasers 64a - 64d. 
The photodiodes 62a - 62e and lasers 64a - 64d are 
deposited on substrate 68 by methods known to the art. 
and are electrically isolated from one another by isola- 
tion devices 14a - 14i. Opaque insulating material may 
be disposed between the photonic elements to prevent 
optical cross-communication therebetween. The lasers 
and photodiodes are selectively addressed by address 
bus 1 8. The signals are conveyed by signal lines 1 9, 20. 
If desired, greater versatility can be achieved by provid- 
ing each photonic element with a dedicated address 
line, at a cost in density of component distribution on the 
substrate or chip. Ancillary electronics 1 3 may optionally 
be provided as discussed above with reference to FIG. 
1. The proportion and distribution of the diodes and 
lasers may be varied in accordance with the needs of 
the application, the intensity of light emitted by the 
lasers 64, and the detection capabilities of the light 
diodes 62. This first alternate embodiment can be 
advantageously employed where intense, coherent light 
is required, as in optical interfaces and communicators. 
It will be appreciated that particular lasers 64 may emit 
light of differing wavelengths, and that the response of 
light sensors 62 may be individually matched to lasers 
64 within array 60. In this way a plurality of functional 
subunits within the matrix can be established, each pro- 
ducing a signal in response to a different optical charac- 



teristic or maintaining an individual optical 
communication channel. Practical uses for such a 
matrix will be discussed below. 

A second alternate embodiment of the invention is 

5 depicted in FIG. 6 wherein there is illustrated an inte- 
grated source-detector array, shown generally at 70 
(aspects of which are also shown in FIGS. 2 and 3). 
Photonic elements comprising light detectors 74 and 
light sources 76 are shown in an exemplary 2x2 matrix. 

10 Light detectors 74 can be p-n diodes, p-i-n diodes, or 
phototransistors or the like. Light sources 76 are LEDs 
or lasers. The photonic elements 74, 76 are fabricated 
on a substrate 28 as explained above with reference to 
FIGs. 1 and 5, and can be provided in desired combina- 

15 tions. Each photonic element has its own data line 1 70 
to external circuitry (not shown). As discussed above 
with reference to FIGs. 1 and 5, opaque material may be 
disposed between the photonic elements to prevent 
optical cross-communication. A proximal end face of an 

20 optical fiber waveguide 72 is disposed in face-to-face 
proximity with each of the photonic elements 74, 76. 
Waveguides 72, which may be fiberoptic lines, effi- 
ciently transmit light that is emitted from light emitting 
elements 76 to remote locations and return light from 

25 remote locations to light sensor elements 74. Ancillary 
electronics 13 may optionally be provided as discussed 
above. 

Turning now to FIG. 8, there is shown an exemplary 
application of the embodiment depicted in FIG. 6, 

30 wherein an integrated semiconductor array 92 is dis- 
posed in an aircraft 90. Fiberoptic waveguides 96 are 
coupled at their proximal ends to photonic elements on 
array 92 as discussed above and are directed through 
the aircraft to interface at their distal ends with sensor 

35 devices 94 that monitor operating conditions in the air- 
craft such as stress, temperature, and vibration. Optical 
signals emanate from the sensors and are conducted 
through the waveguides 96 and are received by the light 
sensing elements of array 92. Signals generated by the 

40 light sensing elements can be amplified by conventional 
electronics such as ancillary electronics 13 in FIG. 6 
and coupled to display indicators or a computer that has 
been programmed to monitor the sensor outputs. Light 
emitting elements within array 92 can be optically cou- 

45 pled to the remote sensors 94 by waveguides 96 and 
can provide control signals and/or energy thereto. It will 
be appreciated, by those skilled in the art that while the 
operation of array 92 has been explained with regard to 
an aircraft, array 92 could be incorporated in other 

so apparatus including other transport, or in process con- 
trol devices that are employed in manufacturing, chemi- 
cal reactions, petroleum refining and the like. Array 92 
could also be coupled with a second similar integrated 
array, wherein it would function as an optical communi- 

55 cator or repeater. This would be advantageous in appli- 
cations involving very long distances where signal 
losses become significant. It will also be appreciated 
that such systems may be further optimized by the use 
of other optical elements such as lenses and apertures 
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appropriately designed. 

In FIG. 7 there is shown a variant of the embodi- 
ment described with respect to FIG. 6. In this embodi- 
ment, shown generally at 80, an exemplary matrix of 
light source elements 84 and light detecting elements s 
83 are disposed on substrate 28 in pairs. The proximal 
plane of a fiber optic waveguide 82 is disposed in face- 
to-face proximity with each pair of photonic elements 
83, 84, while the distal plane of waveguide 82 is coupled 
to a remote location. Light is thereby intercommuni- 10 
cated between the pair of photonic elements 83, 84 and 
the remote location. Construction of array 80 in other 
respects is essentially identical to the embodiment of 
FIG. 6. It will also be appreciated that such systems 
may be further optimized by the use of other optical ele- is 
ments such as lenses and apertures appropriately 
designed. 

The integrated array according to the invention can 
improve the performance of optical imaging devices. 
Turning now to FIG. 9, there is schematically shown an 20 
image detector 100 that incorporates an integrated 
source-detector array 102 according to the present 
invention. The embodiments of the matrix discussed 
with respect to FIG. 1 or FIG. 5 are suitable. Areas 103 
on substrate 28 are populated by light emitting and light 25 
detecting photonic elements, and comprise functional 
subunits within the matrix. Light beams, representa- 
tively denoted by reference numerals 104, 104, are 
directed between array 102 and target indicia 101 by 
optics 1 05. Optics 1 05 can be a mirror, a lens system, or 30 
could be omitted entirely in appropriate applications. 
While the target 101 is shown as a bar code, it is under- 
stood that the device could be designed to read other 
indicia such as OCR characters, ordinary text, and 
graphic images. Optics 105 can be designed so that 35 
particular regions 103 spatially correspond in their fields 
of view and illumination to limited regions on the target 
101 with spatial dimensions less than the diffusion 
length of the indicia substrate. By choosing suitable 
optics, light emanating from a particular region 1 03 will 40 
not flood illuminate the target. Controller 109 is coupled 
to array 102 and can individually address regions 103 
and photonic elements disposed therein. If desired, 
regions 103 can be permanently connected or spatially 
or temporally enabled by controller 109 so that the 45 
instrument reads selective regions on target 101, or 
sequentially reads a plurality of optical characteristics of 
the target. It will be recalled that the photonic elements 
can be tailored to differ from one another in spectral 
response. This facilitates the reading of more than one so 
optical characteristic of target 101 . 

In FIG. 10 there is illustrated matrix 102 which has 
been divided for purposes of explanation into concentric 
zones having boundaries 1 17, 1 18, 1 19. Controller 109, 
by addressing photonic elements in appropriate regions 55 
103. can enable photonic elements that are contained 
within successively larger circular boundaries or in 
annular zones therebetween. In this way the image 
detector can operate with a variable scanning field of 



view. 

Referring once again to FIGs. 4 and 9, when array 
102 is constructed in accordance with the embodiment 
of FIG. 1 . switch 34 (FIG. 4) can be operable by a con- 
troller such as controller 109. When required, controller 
109 may cause a desired set of photonic diodes 36 that 
are included in regions 103 to alternate between a pho- 
toemitting and a photodetecting mode so that the instru- 
ment can perform optimally under changing conditions. 
As required in a given application, controller 109 may 
continually enable a set of diodes in a desired mode. 

The signal produced by each of the light sensors is 
shown diagrammatically as waveform 106. This can be 
coupled to signal processing circuitry 108. Signal 
processing circuitry 108 could include a digitizer in the 
case of a bar code reader, that would convert the signal 
to bit serial form. In the case of optical information hav- 
ing periodicity, the signal processing circuitry 108 may 
include a processor adapted to signal processing algo- 
rithms as required for interpretation of the optical infor- 
mation that is detected by matrix 102. The output of the 
signal processing circuitry 108 may be submitted to any 
suitable display, storage medium, or to a computer or 
microprocessor. 

The signal processing circuitry 108 may be collo- 
cated on substrate 28 with matrix 102. In applications 
where the signal processing is complex this may be 
impractical; nevertheless miniaturization may be 
achieved by placing the signal processing circuitry 108 
and the array 102 in a common housing. 

Turning now to FIG. 15, there is denoted generally 
by reference numeral 150 an optical head that incorpo- 
rates an integrated source-detector array according to 
the invention. Array 152 is shown for purposes of expla- 
nation as a linear array having two light sensing ele- 
ments 156, 158, and a single light emitter 154. However 
any appropriate m x n array or matrix can be employed. 
Light emanates as exemplary ray 155a, from light 
source 154, passes through optics 159, and is incident 
on a region 157 of target 161 . Target 161 in this embod- 
iment is an optical disk, but could be any object adjacent 
to optical head 150 wherein the displacement therebe- 
tween is sought to be determined. Light is reflected from 
region 157, and returned through optics 159 as rays 
155b, 155c to be absorbed on light sensors 156, 158. 
Signals are generated by the light sensors, represented 
by waveform 162 wherein two signal levels are shown. 
The amplitudes 166, 168 of the signal levels are indica- 
tive of the displacement of the target 161 from light sen- 
sors 156, 158 respectively. The signals produced by 
light sensors 156, 158 are coupled to processing elec- 
tronics 164 which control the operation of a motor 165 
that adjusts the displacement between light sensors 
156, 158 and target 161 to a desired level. In a given 
application the motor can operate so as to equalize 
amplitudes 166, 168, or it may adjust these amplitudes 
to a desired absolute level. Additionally the sum of sig- 
nals 166-168 might be used to give additional informa- 
tion about the region 1 57. 
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In FIG. 16 there Is shown at 160 an optical Interface 
that includes an Integrated source-detector array 
according to the invention. The array is coupled to a 
fiberoptic element 164 that may be an optical fiber or 
bundle of fibers. Light from photoemitting elements of 5 
array 162 penetrates end plane 163 and is conducted 
through fiber 164 to a remote location. As is well known 
in the fiberoptic art, multiple communication channels 
can coexist in an optical fiber. A communication channel 
could correspond, to particular combinations of light w 
sources and tight sensors in array 162, such as light 
source 166 and light sensor 167. These photonic ele- 
ments may emit or be responsive to light of differing 
wavelengths. Light traveling through fiber 164 in the 
direction of array 162 may be incident on light sensor 15 
166 and convey information from a remote location. As 
explained above, electrical signals that are inter- 
changed between matrix 162 and processing electron- 
ics 168 govern the operation of the interface. While one 
optical fiber 164 is shown in FIG. 16 for purposes of 20 
explanation, it will be understood by those skilled in the 
art that a plurality of fibers can be employed. 

While this invention has been explained with refer- 
ence to the structure disclosed herein, it is not confined 
to the details set forth and this application is intended to 25 
cover any modifications and changes as may come 
within the scope of the following claims: 

Claims 

30 

1. An optical reading apparatus having a solid state 
structure (1 0) of the type including a substrate (28), 
a plurality of photonic diodes (62,64) disposed on 
said substrate (28), said photonic diodes (62,64) 
being optically isolated from one another, each of 35 
said diodes having a vertical structure comprising a 
plurality of layers, characterized in that: 

predetermined ones of said photonic diodes 
(62,64) comprise light detecting diodes (62) 40 
while others of said photonic diodes comprise 
laser diodes (64), said light detecting diodes 
(62) and said laser diodes (64) being approxi- 
mately coplanar with one another; and 
predetermined ones (62 or 64) of at least one 45 
of said light detecting (62) and laser diodes 
(64) are electrically connected to a common 
line (19 or 20) whereby such diodes may be 
operated simultaneously. 

50 

2. The apparatus of claim 1 further characterized in 
that predetermined ones of said light detecting 
diodes (62) are connected to a f irst common line 
(19) whereby said light detecting diodes (62) may 

be operated simultaneously, and in that predeter- 55 
mined ones of said laser diodes (64) are connected 
to a second common line (20) whereby said laser 
diodes (64) may be operated simultaneously. 



3. The apparatus of claim 1 in which said light detect- 
ing (62) and laser diodes (64) are electrically con- 
nected in parallel with one another. 

4. The apparatus of claim 3 in which said light detect- 
ing (62) and laser diodes (64) are intermingled with 
one another on said substrate. 

5. The apparatus of claim 1 further characterized by: 

directing means (105) for directing light emitted 
by said laser diodes (64) to a target (101) and 
for directing light returning from said target 
(101) to said light detecting diodes (62) so that 
said light detecting diodes (62) generate a sig- 
nal indicative of an optical characteristic of said 
target (101). 

6. The apparatus of claim 5 in which said optical read- 
ing apparatus is a bar code reading apparatus, and 
in which the laser diodes (64) and tight detecting 
diodes (62) are so closely associated and intermin- 
gled with one another that said bar code reading 
apparatus is insensitive to the diffusion effect. 

7. An integrated, solid state structure (10) comprising: 

a substrate (28), 

a plurality of light sensing diodes (62) disposed 
on said substrate (28), 

a plurality of microlasers (64), disposed on said 

substrate (28), substantially coplanar with said 

light sensing diodes (62), 

said microlasers (64) and said light sensing 

diodes (62) being substantially coplanar and 

electrically and optically isolated from one 

another. 

8. The structure of claim 7 in which said microlasers 
(64) are electrically connected in parallel with one 
another. 

9. The structure of claim 7 in which said light sensing 
diodes (62) and said microlasers (64) are arranged 
in a two-dimensional matrix. 

10. The structure of claim 7 in which said light sensing 
diodes (62) and said microlasers (64) are intermin- 
gled with one another on said substrate. 

11. The structure of claim 7 in which said light sensing 
diodes (62) and said microlasers (64) are intermin- 
gled with one another in a two-dimensional matrix. 

12. The structure of claim 7 in which said light sensing 
diodes (62) and said microlasers (64) are arranged 
in a two-dimensional pattern and are selectively 
addressed. 
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13. The structure of claim 7 in which said tight sensing 
diodes (62) and said microlasers (64) are arranged 
in a matrix, in which said microlasers (64) are elec- 
trically connected in parallel, and in which said light 
sensing diodes (62) are electrically connected in 
parallel. 

14. An integrated solid state structure (10) comprising: 

a substrate (28); 

a plurality of light sensing photodiodes (62) dis- 
posed on said substrate (28), said photodiodes 
(62) each having a non-isolated electrical con- 
nection to a common control line (19), whereby 
said photodiodes may be controlled without 
addressing logic; 

a plurality of microlasers (64) disposed on said 
substrate (28), said microlasers (64) being 
approximately ooplanar with said photodiodes 
(62) and being arranged in a two-dimensional 
pattern on said substrate (28). 

15. The structure of claim 14 in which said microlasers 
(64) are electrically connected in parallel with one 
another. 

1 6. The structure of claim 1 4 in which said photodiodes 
(62) and said microlasers (64) are intermingled with 
one another on said substrate (28). 

17. The structure of claim 16 in which said photodiodes 
(62) and said microlasers (64) are intermingled with 
one another in a two-dimensional pattern. 

18. The structure of claim 14 further including directing 
means (105) for directing light emitted by at least 
one of said microlasers (64) to a target (101) and 
for directing light returning from said target (101) to 
said photodiodes (62) so that said photodiodes (62) 
generate a signal indicative of an optical character- 
istic of said target. 

19. The structure of claim 18 adapted for use as a bar 
code reading apparatus, in which the photodiodes 
(62) and microlasers (64) are so closely associated 
and intermingled with one another that said bar 
code reading apparatus is insensitive to the diffu- 
sion effect. 

20. An optical reading apparatus having a solid state 
structure (10) of the type including a substrate (28). 
a plurality of photonic diodes (62,64) disposed on 
said substrate (28), said photonic diodes being opti- 
cally isolated from one another, each of said diodes 
having a vertical structure comprising a plurality of 
layers, characterized in that: 

said diodes include at least one light detecting 
diode (62) and a plurality of laser diodes (64), 



said at least one light detecting diode (62) and 
said laser diodes (64) being approximately 
coplanar with one another; 
said at least one light detecting diodes (62) are 

5 electrically connected to a first common line 

(19) whereby said light detecting diodes (62) 
may be operated simultaneously; and 
said plurality of laser diodes (64) are electri- 
cally connected to a second common line (20) 

io whereby said laser diodes (64) may be oper- 

ated simultaneously. 

21. The apparatus of claim 20 in which said laser 
diodes (64) are arranged in a two-dimensional pat- 

15 tern on said substrate (28). 

22. The apparatus of claim 21 in which said at least one 
light detecting diode (62) comprises a plurality of 
light detecting diodes (62), and in which said plural- 

20 ity of light detecting diodes (62) are intermingled 
with said laser diodes (64) in said two-dimensional 
pattern. 

23. The apparatus of claim 22 further characterized by: 

25 

directing means (105) for directing light emitted 
by said laser diodes (64) to a target (101) and 
for directing light returning from said target 
(101) to said light detecting diodes (62) so that 
30 said light detecting diodes (62) generate a sig- 

nal indicative of an optical characteristic of said 
target (101). 

24. The apparatus of claim 23 in which the optical read- 
35 ing apparatus is a bar code reading apparatus, and 

in which the light detecting diodes (62) and laser 
diodes (64) are so closely associated with one 
another that said bar code reading apparatus is 
insensitive to the diffusion effect. 

40 
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